THE relationship of the liver to diseases of the colon and rectum is a subject of academic and practical interest to surgeons. In a number of these diseases there are serious changes 157 41 (26-1%) 116 (73-9%)
in the liver and the assessment of its condition is essential. Our knowledge of the behaviour of the liver under various circumstances has been enriched by the latest methods of biophysical and biochemical investigation. STRUCTURE 
AND FUNCTION
Since the detailed account by Bradley (1908) of the morphology and development of the liver an extensive literature on this subject has been built up. Electron microscope studies demonstrate the details of this lobulated compound tubular gland and unveil the structure of its polyhedral cells. It shows the protoplasm with its mitochondria, ergasto-
FIG. 3. plasm and inclusions of glycogen, fat and protein witnessing to the intensive metabolic activity within the cells. Other features include the large-sized nuclei, the quantity of nucleoprotein contained within the distensible nuclear membrane and the fine network of chromatin granules (Figs. 1, 2, 3) . (arrowed). x 37,500. (Courtesy of Dr. Mercer.) OCTOBER Its functions are many and varied; they include the metabolism of pigments, carbohydrates, proteins and fats. It is an important excretory organ for bile constituents, toxins, drugs, and antibiotics; other functions are concerned with detoxication, storage, regulation of enzymes, water, salt, hormones and the blood volume.
Assessment of liver function.-This must be done before operation and is required in many colonic and rectal diseases in order to estimate liver damage and safeguard it from further harm. Important work was done by Maclagan (1956) on liver function tests. The tests required for each patient are chosen according to the clinical condition in the light of the clinician's experience.
Liver function tests.-In the interpretation of the results of these tests it must be remembered that a normal range can be found when severe liver damage is present because the parenchyma has a large functional reserve. Approximately one-tenth of the normal parenchyma is sufficient to maintain adequate function (Bollman and Mann, 1931) and this is demonstrated when large primary and metastatic tumours are present.
In the conservative treatment of ulcerative colitis a group of tests is done at intervals and evidence of increasing liver damage influences the decision to carry out surgical treatment. In patients with liver metastases, extensive liver damage as shown by a group of tests may exclude the necessity for an exploratory laparotomy. This group includes a positive urinary urobilinogen, retention of bromsulphthalein and alkaline phosphatase raised above 13 units.
Liver biopsy has provided information about liver diseases, and corrected erroneous conceptions; it has influenced the treatment of certain conditions and helped with the prognosis. For example, Himsworth (1950) stated that in fibrotic conditions of the liver an exact diagnosis can be a decisive factor in lengthening a patient's life provided the appropriate treatment is given. Liver biopsy is performed at laparotomy, by needle aspiration and by peritoneoscopy. I prefer the first when the liver can be inspected and palpated and an adequate wedge of tissue selected and excised (Figs. 4, 5, 6 and 7). Experience is necessary to interpret the histological appearances for they differ from those seen in necropsy specimens. They can differ also in aspiration and surgical biopsies. The following are indications for biopsy:
(1) To exclude liver disease when liver function tests are abnormal.-One or more liver function tests can be abnormal when liver disease is absent and this may occur in chronic ulcerative colitis, as shown by this patient:
Male age 38 with severe ulcerative colitis of five years' duration preceded by amcebic dysentery ten years ago. Liver function tests: Serum bilirubin 0-2 mg. %, total serum protein 6-6 grams°%, thymol turbidity 5, thymol flocculation 2+, serum colloidal gold 4+, zinc sulphate turbidity 8, ammonium sulphate turbidity 3. Liver biopsy: normal appearance. Operation: total colectomy and anterior resection of rectum with immediate ileo-rectal anastomosis. Post-operative liver function tests: Serum bilirubin 0*1 mg. %, thymol turbidity 3, thymol flocculation 0. zinc sulphate turbidity 6, serum colloidal gold 0.
(2) To exclude liver disease when the liver is palpable.-A normal liver is often palpable and an incorrect assumption may be made that it is diseased unless a biopsy is done.
(3) To confirm liver disease.-Some liver conditions remain obscure without a biopsy, as in ulcerative colitis, amoebic dysentery, chronic infections, benign and malignant tumours.
Results.-A liver biopsy was considered advisable in 30 of my patients who underwent major abdominal operations. In 12 (40%) the histological appearance of the liver was normal. The abnormalities discovered were generalized fibrosis in 7 (23%), local fibrosis in 3 (10%), fatty degeneration in 6 (20%) and carcinoma metastases in 2 (7%).
THE LIVER IN DISEASES OF THE COLON AND RECTUM
In view of the intimate vascular relationship between the liver, colon and rectum it is surprising that serious effects are not produced more often in the liver by rectal and colonic disease. Effective immunity against many liver infections may be provided by its rich blood supply.
Hepatic lesions in chronic ulcerative colitis.-These should be recognized so that they may be treated or to safeguard the liver from further adverse effects by surgical treatment of the colitis. In more than 500 patients studied at the Gordon Hospital serious liver lesions were uncommon. Liver function tests were done in about one-half, and approximately one-third of these showed minor deviations from normal, only a small number having severe changes.
The following hepatic lesions may occur: (i) Abscess, single or multiple; (ii) Inflammatory foci. (iii) Interlobular reported a patient who developed it two years after an ileostomy and died; Treusch (1952) gave a detailed report of one patient with a history of four years before she died with abscesses in the upper half of the right lobe. Jones and his colleagues (1951) described one patient who developed pylephlebitis and liver abscesses.
(ii) Inflammatory foci.-These are scattered within a lobule, or in the periportal tissue. In the parenchyma they are associated with cell necrosis, but the inflammatory infiltration is predominant. The appearances resemble severe interlobular hepatitis where the lobule is also affected (Kimmelstiel et al., 1952) ; a similar condition was described by Warren and Sommers (1949) .
(iii) Interlobular hepatitis.-Inflammatory round-cell infiltration occurs into the interlobular connective tissue with frequent involvement of the adjacent parenchyma where necrosis develops. Later bile duct proliferation and pseudolobulation occur.
(iv) Hepatic fibrosis.-A large area of one lobe may be affected without nodular regeneration (Jones et al., 1951 (1952) .
(vi) Fatty degeneration.-This is common and varies in severity; it is probably caused by malnutrition, toxaemia and debilitation ( Fig. 8 ). It was found in 47 (52%) of 91 cases reported by Jones et al. (1951) . Himsworth and Glynn (1944-5) considered a high fat content of the liver might protect it against necrosis and found that fatty infiltration must be of long duration before fibrosis develops. Kimmelstiel et al. (1952) (vii) Cirrhosis.-This is a rare complication. Kimmelstiel et al. (1952) found 11 cases in the literature; Jones et al. (1951) found 3 cases in 91 cases at necropsy; Tumen et al. (1947) reported 5 cases in a series of 151 cases. Kleckner et al. (1952) noted it occurred in young adults with colitis for one to sixteen years. Ross and Swarts (1948) considered that aneemia, marked weight loss and protein deficiency cause hepatic insufficiency which, if uncorrected, progresses to fatty degeneration, and serious, irreversible changes. The nutritional factor may be the most important; deficiencies arise from the defective food intake, faulty absorption and protein loss in the rectal discharge. The patients are also subject to a greater risk of serum hepatitis than the general population. Cirrhosis is usually indicated by jaundice, hepatomegaly alone or with splenomegaly, ascites, abnormal liver function tests and biopsy. In the Gordon Hospital series there is only one patient with typical cirrhosis who is under my care:
Female, aged 40, with a history of ulcerative colitis for two years treated conservatively, with tenderness over the pelvic colon and hepatomegaly. Investigations including rectal -biopsy, confirmed ulcerative colitis. Patient was treated conservatively for several months and liver function tests were done at intervals with these results: 7.5 gram% gram%
The patient's condition gradually deteriorated and on November 16, 1953, a total colectomy and anterior resection of the rectum with an immediate ileo-rectal anastomosis was performed. Liver biopsy showed multilobular fine cirrhosis with some regeneration of the bile canaliculi ( Fig. 9 ).
The patient has made a good recovery.
(viii) Amyloid degeneration secondary to ulcerative colitis is extremely rare. Hepatic lesions in amabiasis.-These have a frequency which is determined by the incidence and efficient control of the primary intestinal infection. A diminution has occurred because amoebiasis is now diagnosed earlier and treated more effectively. De Bakey and Ochsner (1951) reported an incidence of liver involvement in 7-6% to 84-4% (average 36 6 Y.) in necropsy cases, and in clinical cases from under 1 % to over 25 % (average 8@1 %).
The abscess is often single (70%) and usually affects the right lobe (85 %).
The symptomatology may be entirely hepatic without any symptoms of dysentery. Liver function tests, however, are normal. Radiological appearances include elevation of the diaphragm, consolidation of the right lung base and a pleural effusion. Treatment is with emetine hydrochloride or chloroquine diphosphate and if there is no response both drugs are given together. When an abscess forms, aspiration is required in addition to these drugs and antibiotics and open drainage may be necessary when the wall is very fibrotic. When this type of abscess is in the left lobe of the liver a left hepatectomy is preferable to open drainage.
Pyogenic abscess of the liver.-Gangrenous appendicitis was common before antibiotics were available, and then suppurative pylephlebitis was greatly feared. A liver pyogenic abscess is less frequent, however, than an amoebic abscess. Ochsner et al. (1938) reviewed 186 cases of liver abscess during 1928-37, of which 139 (74 7%) were amoebic and 47 (25 2y%) pyogenic. At present, cholangitis following common bile duct obstruction is the most common cause and the second most frequent is septicaemia.
Other infections in the portal venous area caused hepatic abscesses in 10 2% of the collected cases and 8-4y% of the personal cases in the report of Ochsner et al. (1938) . These included inflammatory lesions in the terminal fleum, czecum, colon and rectum. Kramer and Robinson (1926) reported a case of suppurative diverticulitis with pylephlebitis and liver suppuration; a similar case was reported by Whyte (1906) . Other primary infective lesions are bacillary dysentery, infected carcinoma of the colon and rectum, regional enteritis, proctitis and infected hxemorrhoids. Taylor (1949) reported the association of regional enteritis and multiple liver abscesses. Alders (1944) reported a male patient who developed a liver abscess after the ligation of internal haemorrhoids; the abscess burst into the right anterior subphrenic space which was drained with the recovery of the patient.
METASTATIC CANCER IN THE LIvEIt
Approximately one-half of patients who die with cancer have liver metastases. This vulnerability of the liver is due to its position in relation to the portal and systemic circulations, its large size and the composition of its cellular contents. It is affected by many varieties of malignancy including carcinoma, especially of the alimentary tract, pancreas, uterus, breast, bronchus, kidney and adrenals; sarcoma; malignant melanoma; argentaffinoma; neuroblastoma; malignant lymphoma and teratoma.
Portal vein dissemination is the main route of spread from the common sites of malignant tumours in the alimentary tract; those in other sites not connected with the portal system may gain entrance by invading viscera already connected, so that tumours in the ovary, uterus, prostate, bladder, kidneys and adrenals can metastasize to the liver.
Segregation of portal blood in the liver.-It has been suggested that blood from different abdominal organs does not mix in the portal vein and has a lobar distribution in that the left lobe receives a disproportionate amount from the superior mesenteric vein. Clinically one lobe of the liver is found sometimes to contain one or more metastases while the other appears free, this is important in relation to partial hepatectomy. We investigated this problem by injecting 0 l ml. of 24Na with an activity of 50 ,uc. into a small tributary of the portal vein and the subsequent passage of radioactivity through the right lobe of the liver was recorded by a collimated scintillation counter placed directly over the centre of this lobe. The counter was then moved over the centre of the left lobe and the injection was repeated into a vein adjacent to the previous one. Our studies have not shown any marked asymmetry in the distribution of portal blood between the right and left hepatic lobes. It cannot be postulated, therefore, that a patient with carcinoma in a certain part of the gastro-intestinal tract is more likely to develop metastasis in one lobe of the liver than the other.
Hepatic artery dissemination.-Metastases reach the liver from primary and secondary tumours in the lung.
Lymphatic dissemination is an uncommon route.
Spread by direct extension of a carcinoma of the hepatic and splenic flexures, transverse colon and other neighbouring sites is common. The primary tumour becomes adherent to Glisson's capsule, an inflammatory reaction develops and malignant infiltration occurs across this adherent area. Liver necrosis then takes place and severe haemorrhage occurs into the peritoneal cavity, lumen of the stomach or colon and the patient presents as an emergency.
Spread within the liver.-The vascularity of the liver favours intrahepatic spread. Invasion of the right or left main branches of the portal vein causes metastases in the corresponding lobe; when a large radical is invaded a wide segment is affected; invasion of a smal venule causes metastases in a localized area. One parent metastasis can therefore disseminate quickly throughout the liver.
Spread from the liver.-Metastases invade the efferent hepatic veins entering the inferior vena cava and are carried to the lungs. The inferior vena cava may be directly invaded (Willis, 1952) . The liver acts as an intermediary for pulmonary metastases from primary tumours in the portal venous area. Willis (1952) found 86 of these tumours with hepatic metastases had also produced secondaries in the lungs in 27; in 88 tumours without hepatic metastases, lung metastases were present in only 8.
Incidence and operability of hepatic metastases from carcinoma of the stomach, colon and rectum.-An analysis was made of the relevant details in the case-records of 1,000 patients with primary carcinoma in these sites at the Royal Marsden and Gordon Hospitals; hepatic metastases were considered present in 65 cases on clinical assessment and 157 cases on visual assessment, a total of 222, or 22 2°/ (Table I) . The operability was assessed in 157 of the 222 cases with hepatic metastases; operation or necropsy was not done in the remaining 65 cases (Table II) . In the series of 157 cases assessed visually for hepatic metastases, 116 cases (73-9%) were considered unsuitable for partial hepatectomy due to extensive liver involvement or other inoperable metastases. This leaves 41 cases (26-1 %) with hepatic metastases considered operable for further analysis (Table III) . Solitary metastasis-site not stated 4 (9-8 .)
Two metastases-site not stated ..
Summary of statistics.-In a series of 1,000 cases of carcinoma of the stomach, colon and rectum, the incidence of hepatic metastases was 222 cases (22 2%). In the total series a partial hepatectomy was considered possible in 41 cases (4'1 %). In the series of 222 cases with hepatic metastases, 41 cases (18-5%) are considered suitable in retrospect for a partial hepatectomy; the operation was carried out in 6 cases (2 7%). Scheme of treatment of metastatic liver carcinoma.-The management of the following groups of patients is described.
(1) Metastatic liver cancer from a silent primary tumour.-The liver symptoms and signs dominate the clinical picture. An exploratory laparotomy and liver biopsy confirm the nature of the hepatomegaly.
(2) Silent liver metastasis.-This is a frequent finding when operating for a primary carcinoma of the colon or rectum.
(a) The primary tumour is operable. When there is diffuse liver involvement the abdomen is closed for the patient's life expectancy is short and palliative treatment is given. When considerable liver parenchyma remains and its function is satisfactory the organ containing the primary tumour is removed. This may retard the progress of the liver disease. When liver metastases are localized in one lobe a right or left hepatectomy is done four weeks after the primary disease is removed.
(b) The primary tumour is inoperable. Palliative treatment is given.
(3) Delayed liver metastases after excision of the primary tumour.-(a) There is no local recurrence. When clinical examination indicates that one lobe of the liver is affected it is confirmed by an exploratory laparotomy and if there are no other demonstrable metastases or recurrences a left or right hepatectomy is done. (b) Local recurrence is present. Palliative treatment is given. Results of hepatectomy operations for secondary cancer Left hepatectomy.-A survey of the cases reported, including my own, revealed the following results. A left hepatectomy was performed in 16 patients; 7 patients were alive and well 4, 9, 11, 12, 13, 18 and 20 months later; 1 patient was alive with disease 5 months later; 5 patients died 12, 18, 24, 24 and 24 months later; 3 patients were lost sight of. A local excision of the metastasis was performed in 7 patients; 3 patients were alive and well 6, 8 and 48 months later; 1 was alive with disease 15 months later; 3 patients died 4, 7 and 8 months later.
Right hepatectomy.-A survey of the cases reported, including personal communications and my own, gave the following results. A right hepatectomy was performed in 11 patients; 4 patients were alive and well 12, 18, 18 and 18 months later; 1 patient was alive with disease 6 months later; 2 patients died 4 and 24 months later; 4 patients were lost sight of.
SWELLINGS OF THE LIVER WHICH SIMULATE MALIGNANT TUMOURS
Liver swellings occur which resemble malignant tumours and a wrong diagnosis may be made. Surgeons are familiar with "nodules" in the liver which may or may not be metastases. In these cases further investigation should be made. A biopsy of the "nodule" is performed, an operable primary tumour is excised and partial hepatectomy considered later. When a biopsy is not possible and the primary tumour is operable the operation designed to cure the primary disease is performed. The following swellings are considered in this connection. Liver anomalies.-A good account of these was given by Cullen (1925) . A hepatic lobe such as Riedel's may increase in size forming a tongue-like projection from the right lobe which reaches into the right iliac fossa. It is more frequent in females. It may cause intestinal occlusion, as in a case described by Cullen when the hepatic flexure of the colon became adherent to the liver and kinked. Numerous furrows may occur in the liver substance forming intervening lobules which are sometimes pedunculated. Multiple lobes, sessile or pedunculated, may be present in the postero-inferior aspect of the liver.
Liver cysts of various types occur; they include blood vessel cyst, ciliated epithelial cyst, lymphatic cyst and retention cyst. Hydatid cyst.-According to Dew (1955) , 75% of hydatid cysts occur in the liver; the right lobe is affected four times more often than the left. There are two varieties, the first is a unilocular cyst which slowly increases in size, the wall may become fibrosed or calcified and sometimes the cyst is infected and filled with pus. In the second the outer cyst wall is absent and the inner germinative and middle laminated layers invade the liver like a malignant tumour.
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Polycystic disease. A series of 24 proved cases were reported by Comfort et al. (1952) ; in 23 the liver was diffusely affected and in 1 the left lobe was involved. In about half the number of patients polycystic kidneys were present.
Certain chronic infective lesions can be mistaken for metastatic tumours: Tuberculosis.-Randolph (1930) reported an autopsy on a patient who died after an operation for uterine carcinoma and found many discrete caseous nodules of inactive tuberculosis in the liver which were confirmed histologically. Miliary tubercles occur in the liver in acute miliary tuberculosis and in chronic tuberculosis of lung and bone. Wolf and Flory (1945) reported a case of ileo-cxecal tuberculosis with liver involvement. A tuberculoma is sometimes found forming a caseating swelling, the lesion may be multiple, secondary to pulmonary or abdominal tuberculosis. The swelling may become large and resembles a necrotic tumour or gumma.
Syphiis.-Gumma may be single or multiple in the liver, which is usually not enlarged unless chronic congestion or cirrhosis is associated. Liver nodules may press on the inferior vena cava and the openings of the hepatic veins into it causing ascites and enlarged collateral venous plexuses. Spontaneous healing is frequent leaving marked scarring and nodularity of the liver.
Actinomycosis of the liver is usually secondary to actinomycosis of another organ and the infection reaches it by direct extension from the stomach, duodenum or transverse colon, or through the portal vein from the appendix, cecum, colon or ano-rectal region.
Benign tumours may be mistaken for metastatic carcinoma: Hamangiomata are found more often in the liver than in any other abdominal organ.
They are usually small and found in the left lobe; when multiple they cause nodularity of the liver. They are red-purple, rarely protrude above the surface and are compressible unless calcified.
Adenoma is not rare; it may be asymptomatic and discovered at laparotoiny, or it may cause an upper abdominal swelling which presses on, or displaces, neighbouring organs and structures. Its consistence varies from soft to hard and it may be single or multiple (Schrager, 1937) .
Connective tissue tumours comprise fibroma, lipoma, leiomyoma and myxoma; they are usually small. Malignant Iymphoma often affects the liver; the extent and nature varying with the type of lymphoma. Sometimes discrete nodules are found which simulate metastatic carcinoma, especially in lymphadenoma and reticulum-cell sarcoma.
Nodules of regenerative hyperplasia of the liver were reviewed by Begg and Berry (1953) when they collected 29 cases from the literature and added 4 more. The nodules were pedunculated (19 cases) or clearly delineated from normal tissue (14 cases); the majority had a nodular surface. Histological examination revealed a pattern usually associated with post-necrotic cirrhosis or subacute hepatitis.
Focal hepatic cirrhosis occurs in both sexes at any age and the lesion is usually solitary, but multiple nodules occur which vary in size from a few millimetres to several centimetres. It is often asymptomatic and found at laparotomy when it must be distinguished from primary or metastatic liver cancer. Benz and Baggenstoss (1953) found 34 cases at necropsy comprising 40 nodular lesions. The nodules were usually subcapsular, hard and in the right lobe.
Biopsy of liver "nodule" is frequently necessary to determine its true nature. When the primary tumour is in the pelvic colon or rectum and the abdomen is opened through an infra-umbilical incision visualization of the liver is not possible. In these cases an aspiration-biopsy is done by the method of Pack and Brasfield (1955); the surgeon's right hand is introduced through the wound to identify the "nodule" in the liver so that an assistant can introduce an aspiration needle through the parietes which is then guided by the surgeon into the "nodule". THE MALIGNANT ARGENTAFFINOMA SYNDROMrE Cassidy (1930) described an association of symptoms and signs in a young male patient with an abdominal tumour and liver metastases who experienced a peculiar flushing of the skin of his face and developed pulmonary stenosis. A description of the symptomatology of a malignant argentaffinoma of the small intestine with liver metastases was given by Thorson et al. (1954) . An argentaffinoma can occur anywhere in the gastro-intestinal tract and up to 1950 approximately 60 cases had been reported in the rectum (Raven, 1950; Thorson et al., 1954) .
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Section of Proctology Clinical groups.-(1) In some patients the tumour is an incidental finding, as in the appendix.
(2) In other patients the symptoms are abdominal or rectal, depending on the site of the primary tumour.
(3) Metastases usually occur in the regional lymph nodes and liver and the general effects are seen of 5-hydroxytryptamine secreted by the hepatic metastases which passes into the blood without being converted by the liver into the inactive metabolite 5-hydroxyindole acetic acid. The release of large amounts in the body produces effects resembling those of histamine release including a fall in blood pressure, dyspnoea and flushing of the skin of the neck.
The following case record demonstrates the value of colonic and hepatic surgery in the treatment of this syndrome. A patient had a carcinoma of the cardia and lower cesophagus infiltrating the left lobe of the liver which I treated by surgical excision. In the portion of liver removed there was a metastatic nodule of argentaffinoma and at a subsequent operation two primary argentaffinomata, and a metastatic lymph node, and several liver metastases were excised by a partial enterectomy, right hemicolectomy and partial right hepatectomy (Fig. 10) . 
HEPATECTOMY
History.-The development of hepatectomy operations during the nineteenth and twentieth centuries is divided into two periods.
First period.-Segmental resections of the liver were performed with intrahepatic ligation of blood vessels, and considerable ingenuity can be discerned in the technique employed. The endresults of the nineteenth century were generally favourable for benign tumours, but much less satisfactory for malignant tumours. Local recurrence or generalized metastases occurred frequently several months after operation.
Second period.-Lobectomy operations were performed with extra-hepatic ligation of the main blood vessels and lobal duct (Raven, 1949) . During the first forty years of the twentieth century partial hepatectomy with intrahepatic ligation of the blood vessels was performed with great frequency. The technique of left hepatectomy with extra-hepatic ligation of the main blood vessels and bile duct of the lobe was described independently by Pettinari (1947) and by Raven (1949) . This technique was applied to right hepatectomy which was performed by Lortat-Jacob and Robert (1952) . (Raven, 1949) .-The abdomen is opened through a transverse incision made half-way between the umbilicus and ensiform cartilage which commences 5 cm. to the right of the mid-line and ends at the left costal margin; a second incision is made at a right angle from this transverse incision upwards in the mid-line to the base of the ensiform cartilage. The left lobe of the liver is mobilized by dividing the left lateral, left coronary, longitudinal and round ligaments; the latter is ligated before division. The left lobe is now retracted to the right and the left branch of the portal vein, left hepatic duct and the left branch of the hepatic artery are ligated and divided. There are usually three main hepatic veins from the posterior aspect of the liver which join the inferior vena cava in the posterior hepatic groove. One vein passes from the right lobe and another from the left lobe, which open obliquely into the inferior vena cava; the third vein is from the middle of the liver and spigelian lobe and it pursues a straight course to join the main vein. The left and middle veins are ligated and divided.
DEFINITIONS OF PARTIAL
To remove the left lobe, an oblique antero-posterior incision is made with the diathermy knife from the attachment of the round ligament to end posteriorly immediately to the left of the right hepatic vein joining the inferior vena cava. The raw area of the right lobe is peritonealized by covering it with peritoneal folds derived from the divided liver ligaments. The peritoneum covering the hepatic artery, common hepatic duct and portal vein is sutured. The wound is closed and a soft rubber tube is placed in position to drain the region of the divided liver.
Right hepatectomy (Raven, 1947; Lortat-Jacob and Robert, 1952; Pack and Baker, 1953) .-The same technical principles are applied to this operation. The abdomen is explored through a right paramedian incision which is then extended into the pleural cavity through the right eighth intercostal space. The right leaf of the diaphragm is divided radially towards the inferior vena cava. The right lobe of the liver is mobilized by ligating and dividing the round ligament, dividing the longitudinal and right coronary ligaments. The cystic duct is then ligated and divided; the right hepatic duct and the right branch of the hepatic artery are ligated and divided. The right branch of the portal vein is shorter and broader than the left branch and must be exposed anteriorly, the liver is then rotated to the left so that this vein can be exposed also posteriorly; it is then ligated and divided. The inferior vena cava is then exposed and the two hepatic veins from the right lobe and middle part of the liver and any smaller veins are identified, ligated and divided. The left hepatic vein is seen and preserved. The right lobe of the liver is then removed by dividing the liver with the diathermy knife antero-posteriorly immediately to the left where the main right hepatic vein joins the inferior vena cava.
Any bleeding vessels and small bile ducts in the divided left lobe are transfixed and the bare area is peritonealized using the divided hepatic ligaments. The peritoneum covering the hepatic artery, common hepatic duct and portal vein is sutured. The diaphragm is then sutured and the right pleural cavity is closed with underwater drainage; a soft rubber tube is placed in position to drain the region of the divided liver and the abdominal wound is closed. EFFECTS ON THE LIVER OF OPERATIONS Experimental work has shown morphological and biochemical changes in hepatic cells. Cole and Leuchtenberger (1956) compared the histological appearances in dogs pre-and post-operatively. In the pre-operative liver the chromatin in the nuclei was finely granular and evenly distributed, but in the post-operative liver it was coarse, coalescent, distributed irregularly, and large rarefied areas were present. The nucleoli after operation became larger with irregular borders. The changes were most obvious three to six hours after operations and no appreciable differences were seen three or four days later, and the severity of the operation did not influence the effects. These workers also found an increase in the tyrosine content of the cytoplasm three hours following operation, but no change occurred in the desoxyribonucleic acid in the nucleus. The interpretation of these results is not yet clear; they may indicate increased protein synthesis by the liver or the presence there of the products of increased protein catabolism. Clinical work also demonstrates certain changes. In 11 patients undergoing a major abdominal operation serial liver function tests were done before, at the end of the operation and three days later. In 9 patients the serum bilirubin rose as much as six times its preoperative level; greater increases were found in those given blood transfusions. No changes occurred in the flocculation tests, and in 2 patients a mild fall occurred in the total serum 3' 784 proteins. Tagnon et al. (1948) carried out liver function tests in 20 patients immediately after an extra-abdominal operation and found a significant increase in bromsulphthalein retention in 14. The effects of giving ether and Pentothal-sodium were not important. Geller and Tagnon (1950) investigated changes in the tests in 33 patients after major abdominal operations; in 17 of 22 there were abnormalities in the bromsulphthalein test; in 14 of 22 in the cephalin flocculation test, and 24 of 33 patients had abnormally high serum bilirubin for several days. There was an increased production of bilirubin and post-operative impairment of liver function with blood transfusion. Keeton et al. (1948) found the maximum excretion of urinary urobilinogen occurred on the third day after herniorrhaphy and cholecystectomy which returned to normal by the sixth day.
CAUSES OF LIVER DAMAGE IN OPERATIONS
These include trauma, shock, anasthesia and inanition. Anoxia in antsthesia or shock causes parenchymal damage. French et al. (1952) observed no difference between the effects of ether and cyclopropane; Geller and Tagnon (1950) found no changes in the liver function tests with nitrous-oxide gas, ether and oxygen, spinal anrasthesia alone and combined with Pentothal Sodium. Keeton et al. (1948) found that post-operative inanition affected liver function and a high caloric diet containing 2-6 grams protein per kg. resulted in a positive nitrogen balance.
The effects of liver abnormalities can be greatly increased by even minor operations and may cause death. For example hepatic coma may develop in twenty-four to forty-eight hours after a paracentesis. This procedure is usually necessary to relieve dyspnoea or severe abdominal distension, but it must be done with caution; when severe liver damage is present the operation is done in stages. Severe gastro-intestinal hemorrhage is an important cause of hepatic coma; the retained blood may release ammonia. The hkmorrhage and shock are controlled and when practicable the blood is removed from the colon by an enema.
Other precautionary treatment with liver damage.-Bed-rest is essential when the liver is tender, jaundice is present and liver function tests very abnormal. Protein deficiencies are rectified as much as possible. Avoid acute infections, maintain the urinary output and do not overload with fluid when oliguria is present and not associated with dehydration. Caution is necessary in the use of ammonium salts as diuretics, of sedatives, analgesics and hypnotics. Morphine is contra-indicated for it is conjugated in the liver before excretion; pethidine can be given. Choose the barbiturates with the greatest renal excretion, namely barbital and phenobarbital, and carefully grade the dosage. Avoid paraldehyde and chloral hydrate; bromides can be given. Fluid intoxication and dehydration should be prevented and the electrolyte and water balances maintained. The diet should be rich in protein, such as meat and fish, and 150 grams are taken with 350 grams carbohydrate, and 70 grams of fat. Vitamins and liver extract are included but salt is excluded when ascites or cedema is present.
LIVER REGENERATION FOLLOWING HEPATECTOMY
The liver possesses good power of regeneration; Schroeder (1906) quoted Ponfick who removed three-quarters of the organ and found it regenerated to four-fifths of its normal weight, and in some cases it regained its full weight. Locaio and Saltz (1950) described the regeneration of the liver in a patient after massive mechanical destruction. Pickrell and Clay (1944) stated that large areas of the liver can be destroyed by disease or removed surgically and regeneration occurs promptly and almost completely.
